Summary --This study assessed the efficacy of a behaviorally based treatment package to decrease the frequency of verbal responding to auditory hallucinations and to increase attention to important external stimuli, rather than to the hallucinations. The subject, a 49-year-old male, with a 20-year history of auditory hallucinatory responding (AHR), laughing and talking to himself, was seen in an outpatient clinic. Observations were made during management skill training, given usually twice a week. Observation sessions were divided into 15-minute intervals. The intervention package included reinforcement in the form of praise, pats on the back, and token reinforcement contingent on the absence of auditory hallucinations. Cancellation tests were given to measure his ability to attend to external tasks. Using an ABCAD design, it was seen that the data indicated that the intervention resulted in both a sharp decrease in auditory hallucinations and an increase in the subject's ability to attend to external tasks. Copyright © 1996 Elsevier Science Ltd One of the most problematic behaviors exhibited by people diagnosed with psychiatric disorders is that of responding to voices that are not heard by others. Auditory hallucinations have been one of the most frequently noted characteristics through this century of one type of schizophrenia
influence the possibility of an individual's hallucinating. He listed the following factors: psychological stress, predisposing genetic or familial variables, environmental input, and behavioral reinforcement. It has been noted by many diverse authors that life events which are experienced as stressful by a potential patient can precipitate hallucinatory episodes (Birley & Brown, 1970) . Such events may include loss of spouse, loss of jobs, life-threatening situations, etc. (Alroe & Mclntyre, 1983; Wells, 1983) . For the person disposed to these hallucinations, continuous, moderately stressful events may also contribute to the possibility of these forms of psychotic episodes (Slade, 1972 (Slade, , 1973 .
Environmental stimulation, both in the form of excessive as well as deprivatory levels, have also been implicated (White, 1980; Siegal, 1984) . Hallucinations during increasing but not total sensory loss have been reported in the literature (Hammek et al., 1983; White, 1980) . Fonagy and Slade (1982) using white noise levels as the manipulated variable, found that at high input levels hallucinations were suppressed. Along the same lines, Alpert (1985) reported that with moderate levels of white noise, patients indicated lower levels of hallucinating, but not with high levels of this stimulation. Thus, there may be an interaction of deprivation and excessive stimulation. Tarrier (1987) after questioning patients about antecedents to their hallucination, reported that both social isolation and excessive traffic noise were implicated.
Researchers have investigated the behavioral consequences of positive and negative reinforcement contingent on the hallucinatory behavior. For example, Slade (1972 Slade ( , 1973 found that patients reported a decrease in anxiety after their hallucinatory episodes. This suggests that hallucinating was negatively reinforced by the reduction of anxiety and that this event will occur with higher probability given an anxiety-causing situation. It has also been suggested (Heilbrun, Diller, Fleming, & Slade, 1986 ) that hallucinatory behavior acts to remove the patient from aversive stimulus situations. Again, this is an example of negative reinforcement, whereby the punishing or aversive stimulus is removed contingent on the psychotic behavior. In addition, hallucinatory behavior might be under control by the mechanisms of positive reinforcement. For example, the patient's behavior may result in attention from others. If this behavior is found to occur more frequently in situations of that type, it would appear that the hallucinatory behavior is reinforced by social attention (Bentall, 1990) .
There has been a good amount of research on the elimination of hallucinatory and visual psychotic behavior. Nydegger (1972) conducted a case study of a 20-year-old male diagnosed as paranoid schizophrenic who had auditory and visual hallucinations and a very rigid religious delusional belief system. Verbal conditioning was successfully used to eliminate his talking about the voices. Because it was found that his behavior in connection to his visual hallucinations was used to remove him from conflict situations, assertiveness training was implemented to teach him a more adaptive means of dealing with conflict. The more assertive the patient became, the further the hallucinations decreased. After two months of treatment the hallucinatory behavior ceased to be observed.
Use of verbal responses to change the maladaptive responses of patients has also been effectively employed by Meichenbaum (1969) and Meichenbaum and Cameron (1974) . Instructions and modeling were used to train the subjects to verbally guide their own behavior. Subjects first learned to repeat the self-instructions given by the researchers, then to whisper them, and finally to complete a cognitive task while verbally self-instructing. These subjects were then able to perform more successfully on the task compared to patients given no instruction.
Other research seems to indicate the possibility of some degree of external control for people who experience auditory hallucinations. Slade (1974) has suggested that some input conditions (i.e., distracting speech, music background, white noise) may help reduce the auditory intensity of these voices or auditory hallucinations in some individuals. In contrast, a reduced amount of auditory input by wearing sound excluders or being in a quiet room should make the voices sound louder. Observations and patient reports seemed to support this hypothesis. In addition, some patients reported that the voices ceased to talk mostly when subjects were engaged in a conversation, activity, or task that demanded their full attention. In relationship to this, in the treatment of bizarre speech among schizophrenics, descriptive and functional analyses have been used to assess the factors that contribute to its occurrence. Mace and Lalli (1991) found that bizarre vocalizations happened more frequently when subjects were presented with novel demand tasks, and in the absence of adult attention. A functional analysis revealed that attention was maintaining the speech. Therefore, two interventions were successfully implemented to reduce the bizarre speech. The subjects were taught social language skills to engage staff in interactions, and were also given noncontingent scheduled attention. The interventions were equally successful.
Other successful behaviorally oriented interventions to treat schizophrenic responses have been recently reported in the literature. Belcher (1988) used a positive punishment procedure of contingent exercise with a 60-year-old chronically schizophrenic in-patient to reduce his verbally aggressive hallucinatory episodes. At the start of an outburst, a staff member informed the patient that his behavior was inappropriate, that he had 30 seconds to quiet down, and if he did not, he would have to walk in the hallway (c. 125 ft). Intervention period and follow-up data indicated a reduction from about 32 to 2 outbursts per week.
Furthermore, in the literature on the control of auditory hallucinations, there has been a good amount of research, mostly case histories, that reports high rates of success with other behaviorally-based techniques. Satiation therapy, like flooding, has proved to be effective for obsessional thoughts (as a form of auditory hallucinations) in schizophrenic patients. Glaister (1985) used this technique successfully in order to treat the voices that caused fear to a patient in an inpatient hospital. The intervention consisted of the patient's quietly recording the time, the words, and the aversiveness level of the voices over a 16-month, 28-session period. The mean voice rate dropped from 20 in the first week to 2 or lower by the 28th week of therapy.
Thought-substitution and involvement in occupational therapy (OT) activities were used by Allen, Halperin and Friend (1985) to control the occurrence and responding to auditory hallucinations of a 29-year-old schizophrenic woman. She was taught a voice-removal technique whereby she would sub-vocally say "stop" to the voices and immediately substitute pre-arranged thoughts about her activities. She was also encouraged to continue OT sessions. Both frequency and duration of the hallucinatory episodes decreased on average four-fold.
What has not been reported in the literature is the use and assessment of combinations of different reinforcers and instructions in varying treatment phases to both decrease these maladaptive behaviors and, at the same time, to increase the adaptive ones. Thus, the purpose of this study was to assess the efficacy of a treatment package consisting of alternating phases of rein~brcement for low levels of the auditory hallucinatory responding and both unspecific and specific instructions about both the auditory hallucinations and the adaptive behavior of attending to an external task. The objective was to reduce the frequency of verbal responding to hallucinations while increasing the ability to ignore the auditory hallucinations through learning to attend to tasks. Additionally, the study looked at the separate and combined effects of positive reinforcement and instructions. 
Method
The subject was a 49-year-old African-American male who had been complaining about hearing voices since he was about 6 years old. This individual had a long history of psychiatric hospitalizations based on a high frequency of auditory hallucinatory responding. The patient had been diagnosed as schizophrenic (295.9X) using the DSM-III-R (1987) by his psychiatrist at the Community Support Systems Program (CSS), an outpatient program at Harlem Hospital, and was under medication (Prolixin 25 mg twice a day), prescribed by his psychiatrist to treat his hallucinatory episodes.
He had a 20-year history of verbally responding to auditory hallucinations; the most common behaviors noticeable while he was hallucinating were talking to himself and laughing to himself. The patient complained that the voices constantly talked to him and that they sounded as if they were coming from a machine. According to the patient, he felt compelled to respond to the voices because they were there all the time and he could not control them. Sometimes, there would be one voice talking to him; other times there would be many of them saying funny things about other people, thus making him laugh or respond. Concerning his perception of how people viewed him while he was engaged in hallucinatory behavior, he responded by saying that people did not care about his odd behavior because most people just went about their business. He expressed his desire to extinguish these voices by perhaps finding a stronger medication. He was usually observed to be speaking or mumbling, and giggling to himself when sitting by himself or while working during his management skills training work in the clinic. In addition, he complained of having frequent dizzy spells.
Procedures
Design. The study used an ABCAD single-subject reversal design to test the hypothesis that the patient's maladaptive behaviors were less frequently observed when he was involved in an attention demanding task, and that presenting him with reinforcement for doing his work without talking or giggling to himself would lower the frequency of the hallucinatory behaviors.
Baseline (A1).
Two independent data collectors observed the patient in an unobtrusive way in order to have baseline data on the frequency of hallucinatory behaviors displayed during the patient's MST work. Observations were conducted in an outpatient day treatment program in Harlem, New York for patients diagnosed as schizophrenics. The two behaviors recorded during the observations were talking to self and laughing to self. Observations were conducted at least twice a week for 38 weeks. The sessions were from 60 to 90 minutes in duration, depending on the amount of work the patient had to do. Observation periods were broken into intervals of 15 minutes duration each session. A continuous recording procedure was used, where each individual instance of talking or laughing to self was marked as one event within a given interval. It was observed that more hallucinatory responses occurred when the patient was off task. It was also observed that he had a high frequency of hallucinatory behavior when he was confronted with a new work task.
Treatment (B, C, D).
Once the baseline data was collected, treatment conditions were implemented in an ABCAD experimental design. In the first treatment condition (B), the experimenter informed the subject that he was going to be collecting data about the frequency of the subject's hallucinations and explained to him the repercussions of his behavior: that his behavior did not only affect him, but also the people surrounding him. In this phase of the intervention, social reinforcers, praise and pats on the back, were given after each 15 minutes of attention to his job with no talking or laughing to himself.
Phase (C) was the second treatment condition. Because it had been observed that attention to task was a factor in the frequency of his hallucinatory behavior, it was decided to administer a cancellation test to measure attention and to see what would be the effect of the positive reinforcement for low levels of auditory hallucinations in combination with the test administration. The experimenter explained that the subject was to circle a digit that appeared on a page of letters. The pattern of numbers and letters were randomly changed in about 50% of the tests.
After a return to baseline (A2) for two weeks, the next phase of treatment (D) was begun, which included social reinforcement for low auditory hallucinatory responding, continuation of cancellation tests (C) but with specific instructions not to respond to the voices. The experimenter stated, "I want you to complete this test as in the past, but you are not allowed to talk or laugh to yourself or in any way to respond to the voices: do the test as accurately and as quickly as you can." After each test, praise was delivered contingent on continued low levels of auditory hallucinations. In addition, token reinforcement was given, in which the subject could earn a subway token if he hallucinated less than five times per session. This additional component was introduced to increase motivation and facilitate the maintenance of the desired behavior change.
During the 6 weeks of follow-up, test administration continued randomly, and observations were conducted periodically between 9:00 a.m and 2:45 p.m., the closing time for the day treatment program.
Throughout the study, urine analysis was performed randomly to check for any nonprescribed drug use.
Results
The data indicated reductions in the auditory hallucinations during all treatment phases compared to baseline levels. Additionally, attention to task, as seen in the reduction of errors and in time to complete the tests during phases C and D, increased. Figure 1 shows the mean number of laughing and talking to self in every session during each phase. All means are for 15-minute intervals, whether the sessions were 45, 60, or 90 minutes long. Three, four, or six 15-minute intervals were averaged to give one session's mean. The mean responses were 23.5, 34.7, 10.3, and 19.5 for self-talking during the baseline (A1) phase. They were 13.2, 18.6, 7.6, and 11.5 for laughing.
In the first treatment condition (B), the frequency of hallucinatory responses during the five weeks of treatment were 4.5, 0, 1.6, 2.6, and 0, for talking to self. For laughing, the means were 1.2, 1, 0, 0, and 0. Results indicate a decrease in the frequency of responses observed while the subject was engaged in talking with people or with the observer. The subject displayed a lower frequency of laughing than of self-talking.
In the same figure, in condition C, we see the means of responses after the introduction of the cancellation tests. As the graph shows, the means for each session were: 7, 6.5, 4.5, 3.2, 1.7, and 
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'I e 1o Zi~XI~RIAIIf "IN "f tTOg 1.2 for talking to self and 3, 2.5, 1.3, 0, 0, and 0, for laughing. As Figure 1 shows, there is also a decrease in the frequency of both behaviors compared to baseline, but a slight increase compared to the B phase.
Next, Figure 1 shows data for cessation of treatment or the return to baseline (A2). The means during each session were: 8.7, 9, 7.5, and 6.5 for talking to self. For laughing, the frequencies were: 6.2, 4.5, 5, and 3.2. As shown, there was a high frequency of hallucinatory behavior once more.
In the following phase (D), the data during this treatment phase indicate that the frequency of hallucinatory behaviors decreased, as Figure 1 shows. The means were: 1.6, 0, 0, 0, 0, 1.8, 1.5, 1, 0, 0, 0, and 0, for talking to self. The means of each session for laughing were zero in all the sessions (x = 0). At this time, token reinforcers were added contingent on continued reductions in the target behavior. In addition (Figure 1) , the amount of hallucinatory behavior during follow-up observations done periodically throughout the next days reduced. At this point, the frequency of observations were increased to the whole day. These data can be seen averaged for both responses and within each condition, in the form of a bar graph (Figure 2) . Furthermore, the last bar represents data collected randomly during a follow-up phase.
Data for the time to complete cancellation tests and the mean data points (divided into 6-day blocks) during condition C, from days 10 to 16 were: 170.0, 197.5, 170.8, 148.4, 150.5, and 148.5. In condition D, means from days 20 to 25 were: 127.6, 119.0, 120.3, 85.6, 84.8 and 95.0. Also for the last data points, condition D, the means were: 83.8, 79.3, 81.3, 79.381.3, 84.5, 84.0 and 84.1. There was a lowering of time needed to finish the task across these last two treatment conditions. The data for the mean number of items missed on the cancellation test (mean data points separated in 6-day blocks) for (C) days 10 to 15 were: 0.50, 1.00, 0.62, 1.00, 2.25 and 1.25. For (D) days 20 to 25 the means were: 2.80, 3.40, 1.33, 0.00, 0.00 and 0.16. Lastly, for (D) days 26 to 31, the means were: 0.50, 0.00, 0.50, 0.16, 0.00 and 0.00. The pertbrmance was better in the first few sessions where the subject's speed was slower. As the speed decreased, the number of misses increased. However, at session 23 and onward, both speed and accuracy improved and became stable.
In sessions 25 and 26 (D), random urine analyses indicated that the subject had been using cocaine. It was during this period that the levels of auditory hallucinations increased (see Figure 3) .
The data taken during the 33 days follow-up (from May 4th to June 23rd) are the following: 3, 2, 4, 4, 4, 3, 4, 6, 5, 3, 3, 4, 6, 4, 5, 6, 5, 5, 4, 1, 3, 4, 1, 1, 6 ,3, 1, 2, 2,4,2,4 and 1 for talking to self, and 0, 0, 0, 0, 0, 0, 1,0,0,0,0,0,0,0,0,2,0,0, 1,0, 0. 0, 0, 0, 0, 0,0, 0, 0, 2, 0, 2 and 1 for laughing to self. The frequencies for both talking and laughing to self are shown for 33 days after the termination of the treatment. Observations were made by staff members as well as by the experimenters throughout the clinic day. The level of laughing remained near the zero point, and talking frequencies never went higher than 10 occurrences in each day of observation. Also during the follow up phase, cocaine use was detected in the following days: 2, 16, 17, 18, 19 and 20 (see Figure 3) . Occasionally, social reinforcement in the form of pats and praise was given for these low levels, as a form of maintenance. These were quite sporadic.
Discussion
As the data indicate, the behavioral intervention package, which included instructions and reinforcement, resulted in a reduction of the maladaptive behaviors of laughing and talking to self and an increase in the adaptive behavior of attending to an external task. The baseline (A 1 ) data show that the subject engaged in a high rate of hallucinatory behavior, even though he was under psychotropic medication to reduce hallucinations. Only after the implementation of the first treatment condition (B) was a decrease in the frequency of his auditory hallucinatory behavior observed. Laughing was always less common than the talking, but both behaviors were reduced with the interventions in conditions B, C, and D. The social reinforcers used in the treatment phases B, C, and D (praise and pats on his back) appear to have worked as aids to assure the continuation of decreases in inappropriate behavior. It is important to note that with the return to baseline (A2), the frequency of the subject's hallucinations was as high as in the beginning (A1) before the start of the intervention. When the treatment was reinstated (D), frequency levels of the target behavior once again dropped below the levels seen in A 1 and A2, demonstrating that treatment indeed had an effect. In the last phase (D), the introduction of the token reinforcement resulted in further reductions and maintenance of change in his maladaptive behavior.
Previous to this study, we had tried to repeat some of the techniques used in Slade's work (Slade, 1974; Margo, Hemsley & Slade, 1981 ) (music, white noise, reading passages of books in another language, etc.), but they had not worked. When music was tried, for example, it resulted in becoming part of the voices; in other words, the subject talked back to the person singing the given song. In addition, other loud input conditions (music tape, reading passages of stories, and writing conditions) (Slade, 1974; Margo et al., 1981) were used. When taped music. reading passages, and the other conditions were tried, again it seems that they behaved like the subject's own voices.
Our findings contrast with Slade (1974)'s and other researchers' work in which external stimuli decreased subject's auditory hallucinations rather than increased them.
The inclusion of the cancellation tests, an external event, was based on the hypothesis that patients with a high frequency of hallucinatory behavior do not use what the authors term "attentional resources," those cognitive skills that most normal people use in order to maintain an acceptable behavior, while engaged in a different class of behavior at the same time. In the subject's case, when he began the cancellation task, the frequency of his auditory hallucinations was high in both maladaptive behaviors (laughing and talking to himself). What was done was to "teach" (i.e., train through reinforcement procedures) the patient that he could locus his attention on external events (the cognitive task) even if internal stimuli (i.e., voices) were present. In other words, he was trained to ignore the internal stimuli (his auditory hallucinations) and concentrate on the required external task. A behavioral approach was used to try to extinguish the subject's compulsiveness to talk in response to the voices and to train him to attend to external demands by way of reinforcement to the task. One way of testing this hypothesis was to present the patient with the cancellation test with a different pattern of numbers. With this new test, the subject engaged again in talking and laughing to self, as though once again he lacked control of these behaviors until he again applied his attentional skills. Another way of testing this hypothesis was by giving him a different kind of duty during his management skill training at the day treatment program. Once a new set of duties was given to him, he again engaged in the behaviors measured in this study.
In contrast to Slade's findings (1974) , in which he suggested that some input conditions may in fact help some individuals to decrease the amount of auditory hallucinations, we hypothized that every time that the subject is presented with novel or different stimuli (i.e., music tape, instructional tape, or by giving him a different type of job during his management skill training at the day treatment program), the patient would increase his rate of hallucinatory speech in order to cope with these (supposedly aversive) novel or different stimuli. This type of behavioral response may support the works conducted by Alroe and Mclntyre (1983) in which moderate or continuous stressful events were purported to increase the possibility of hallucinatory episodes in an individual. In the present study, the subject was presented with novel stimuli (i.e., changing the number and the pattern of numbers and letters in the cancellation test, etc.) and this increased his level of hallucinatory behavior. Within the present study, this is believed to be a coping mechanism (a response made in order to remove the effect of the so-called aversive stimulus) to the novel events, which may have been acting as aversive stimulation.
An important difference between the present study and that of Meichenbaum and Cameron (1974) is the use of a research design in the present study that allowed for the evaluation of the effects of both reinforcement to decrease maladaptive behavior and instructions to increase the adaptive behavior (attention to a cognitive task). The Meichenbaum and Cameron study evaluated only the combined effects of self-instructions followed by reinforcement. The present study attempted to assess the separate effects of two types of reinforcers (social and token), instructions to do the task, instructions to not respond to the voices, and the combined effects of reinforcement and instructions on task performance. In phase C, reinforcement for low levels of auditory hallucinations was given but not for attention to task. Instructions, at this time, pertained only to what was to be done on the test, not to the maladaptive behaviors. Yet, there was a decrease in the auditory hallucinations compared to baseline. However, in phase D, when instructions specified that the subject was to ignore the voices and would be rewarded with tokens for doing so, auditory hallucinations diminished to near zero level. By the third session of this phase, improvement in test performance was also seen (fewer misses and faster performance time). A future study should have two additional phases: one with the specific instructions and no token reinforcement, the other with token reinforcement but without specific instructions. This would allow an analysis of behavior that is said to be either rulegoverned or contingency-shaped (Skinner, 1969; Schlinger & Blakely, 1987) and a determination of the most effective intervention.
The literature has reported that maladaptive behaviors of psychiatric patients can be ameliorated by positive reinforcement to adaptive responses (Paul & Lentz, 1977) , but there have been few reports that the actual occurrences of hallucinatory episodes have decreased while induced attentional responses increased. For this reason, it seems clear that the present study offers new and important evidence that behavioral/cognitive interventions may be useful not only in controlling the overt signs of hallucinations, but also in reducing their occurrences, in that this subject reported, by means of self-reports (incidental) lowered levels of hallucinatory episodes.
One dependent variable that was not studied at the start of this work was his compliance to task during his scheduled program participation. This might be another dependent variable important in research of this kind, and perhaps should be studied within a group design to further assess the real efficacy of the present treatment package. Anecdotally, however, according to social workers and psychiatrists, the patient reported a higher level of satisfaction in the program consequent to implementation of the treatment. This involves the issue of social validation (Johnson & Fawcett, 1994; Schwartz & Baer, 1991) --in other words, patient's acceptance and satisfaction with treatment.
Additionally, generalization of the treatment effect was not assessed. Further studies should investigate whether the treatment gains would generalize to situations outside of the clinical setting.
A question remains: if there is an interaction between levels of psychosocial stress (as mentioned in the literature) and the predisposition to psychiatric episodes, how will the ratio of positive reinforcement for adaptive behaviors affect each individual patient differentially? Will a denser level of positive reinforcement result in a lowering of frustration and thus a lowering of the maladaptive behaviors? What is the optimal reinforcement/instruction delivery schedule for improving attentional behavior? A study that concentrates on these parameters with other subjects will help to clarify these questions and add to the efficiency of the treatment package.
To conclude, it appears that with a treatment package of instruction to attend to task, reinforcement for attentional behavior, and reinforcement for low levels of auditory hallucinations, the subject's frequency of self-talking and laughing decreased. In addition, his performance on the attentional task improved with positive reinforcement and instructions. Treatment gains were also seen 6 weeks after termination of the treatment. Additionally, this study offers some evidence for social validation in the form of satisfaction in the clinical program as a result of his participation in the current study.
